1 is a highly bioavailable source of calcium. A single serving, containing at least 500 mg calcium, provides half the reference nutrient intake for the population sub-group with the highest requirement (adolescent boys) and more than half for all others. Sponsorship: SmithKline Beecham funded this research project.
Introduction
The calcium needs of the growing skeleton, where 99% of the body's calcium is found, must be provided by the diet in order to facilitate optimal bone health. There is vigorous debate surrounding dietary recommendations for calcium in different age groups, stimulated by the high prevalence of osteoporosis and associated costs of treatment and care (Department of Health, 1998) . Dietary recommendations are generated from information on physiological requirements with due allowance for absorption and subsequent utilisation, collectively referred to as bioavailability. The US Food and Nutrition Board has recently published adequate intake values for calcium of 1000 and 1200 mg for women aged <50 and 51þ y respectively (Food and Nutrition Board, 1997) . However, the UK Reference Nutrient Intake for women aged 19þ is only 700 mg=day (Department of Health, 1991) , and a recent report on Nutrition and Bone Health concluded that no changes should be made to the UK Dietary Reference Values (Department of Health, 1998) .
Whatever the final outcome of the calcium debate, there is consensus that an adequate calcium supply is a prerequisite for optimal bone health, therefore consumption of foods containing highly bioavailable calcium should be encouraged, particularly during periods of bone growth and in individuals with an increased risk of osteoporosis due to genetic and lifestyle factors. There is a growing market for calcium-fortified foods, based upon substantiated health benefits of calcium for preventing osteoporosis and protecting against colon cancer (Holt, 1999) . Dietary and host-related factors affect bioavailability, and although the physicochemical form of calcium in the GI lumen determines the quantity that is potentially available for absorption, differences in the solubility of calcium salts are not considered to play an important role (Bronner & Pansu, 1999) . However, for any fortified food, it is important to assess the bioavailability of the added nutrient in order to predict its efficacy. The purpose of this study was to compare the true fractional calcium absorption (FA) from a calcium carbonate fortified malted milk drink (Horlicks 1 , SmithKline Beecham) with that naturally present in semi-skimmed milk.
Methods
Sixteen pre-menopausal women, aged 23 -40 y, who selfreported as healthy, were recruited for the study. None of the subjects were taking any medicine or supplements known to influence calcium metabolism. Routine biochemical screening revealed no clinically relevant deviations from the reference ranges for healthy subjects. The study was approved by the Norfolk and Norwich District Ethics Committee and each volunteer gave written informed consent.
The study design was a randomised crossover withinsubject comparison of absorption of calcium from milk and from Horlicks 1 . A minimum of 4 weeks was allowed between the two absorption tests, which were performed between September 1998 and March 1999. Habitual calcium intake was assessed using a previously validated food frequency questionnaire prior to each absorption test (Fox et al, 1990) . In order to reduce intra-individual variation in calcium absorption, each subject consumed the same foods and beverages (from a self-selected diet) the day before both test meals.
A double label stable isotope technique was employed to measure fractional absorption (Eastell et al, 1989) . For each individual, a 7 mg dose of 42 Ca (79.6% isotope abundance) was administered intravenously (as chloride at pH 6.0, prepared by Ipswich Hospital Pharmacy, Suffolk), and 40 mg 44 Ca (96.5% isotope abundance) was used to label the calcium in milk (as chloride at pH 6.7) or calciumfortified Horlicks 1 (as calcium carbonate). The milk was labelled extrinsically by adding the weighed 44 CaCl 2 and allowing it to equilibrate overnight, and the Horlicks 1 was labelled with 44 CaCO 3 . After an overnight fast, a cannula was inserted into the antecubital vein and the subject consumed either semiskimmed milk (420 g) or Horlicks 1 (27 g powder plus 200 g deionised water). Half-way through the Horlicks 1 drink a gelatine capsule containing the weighed 44 CaCO 3 label (40 mg calcium) was swallowed. The serving mugs were rinsed with deionised water and the washings consumed. One hour later, an accurately weighed quantity of 42 CaCl 2 (7 mg calcium), mixed with saline, was infused through the cannula over 20 min, the cannula flushed with saline and removed. Urine was collected in acid-washed bottles as 24 h aliquots for 72 h.
The semi-skimmed milk, Horlicks 1 powder and urine were analysed for calcium by atomic absorption spectroscopy (Perkin Elmer) after dilution with 0.5% lanthanum chloride. Sub-samples of urine were purified using ion exchange (Kastenmeyer, 1996) and the abundance of calcium isotopes measured by thermal ionisation mass spectrometry (Micromass 54) at the Geology Department of the Royal Holloway College, University of London (Egham, UK). The average precision for Ca-42 and Ca-44 was 0.30% RSD and 0.39% RSD.
Matrix techniques (Gerald, 1978) were used to calculate the unknown mole fractions of calcium that originated from the oral, intravenous (i.v.) and natural abundance (NA) sources (x): x ¼ A 71 Á b where A are the isotopic spectra of the oral, i.v. and NA sources and b are the isotopic ratios of the sample.
The quantity of oral, i.v. and NA calcium in urine sample i( i M oral , i M IV , i M NA ) was calculated by multiplying the mole fractions with the total measured calcium, and FA calculated as follows:
M total is the total mass of calcium in ith sample, and i M urine is the total mass of urine in the ith sample.
The masses of urinary oral and i.v. calcium excreted 24 -72 h post-dosing were added together, and FA was calculated as the total urinary oral calcium (dose corrected) divided by the total urinary i.v. calcium (dose corrected). Differences between FA from milk and Horlicks 1 were compared by paired t-test using STATISTICA (StatSoft Inc., Tulsa, OK, USA).
Results
Subject characteristics and results of the analysis of habitual calcium intake (from diet plus drinking water) are summarised in Table 1 . There was no change in calcium intake during the study, but considerable inter-individual variation was noted. The mean intake was 1239 (s.d. AE 331) mg=day (60% being obtained from milk and milk products), which is similar to results from an earlier study carried out in Norwich (Fox et al, 1990 ) but higher than that reported for British women (730 mg=day), although the latter did not include calcium from drinking water (Gergory et al, 1990) . Tap water in Norwich contains approximately 113 mg=l, and contributes about 213 mg calcium=day.
The nutritional composition of milk and Horlicks 1 is given in Table 2 . The mean percentage absorption Figure 1 (P<0.001) . This is equivalent to 226 and 121 mg respectively of absorbed calcium. It can be seen from Figure 2 that 14 out of the 16 volunteers absorbed more calcium from Horlicks 1 than milk. Fractional absorption of calcium is dose dependent and it also varies with age, from 60% in infancy to <25% in the elderly, and other physiological states (Food and Nutrition Board, 1997) . Assuming a figure of 30%, the RNI for adult women in the UK would equate to 210 mg absorbed calcium, which is similar to the quantity of calcium absorbed from one serving of Horlicks 1 under the experimental conditions in our study.
Discussion
The double stable isotope technique allows an accurate estimation of true fractional calcium absorption (FA) and results from the second and third 24 h urine collection were in good agreement. The absorption of calcium from milk is commonly used as the 'gold standard' with which to compare the bioavailability of other sources of calcium. Calcium isotopes can be added to milk to label native calcium extrinsically (Nickel et al, 1996) . The calcium carbonate added to Horlicks 1 was labelled by swallowing a rapidly dissolved capsule containing 40 mg calcium as 44 Ca-enriched calcium carbonate halfway through the Horlicks 1 drink; this procedure was adopted in order to ensure accuracy of the 44 Ca dose. Subjects were given an average of 12 min in total to drink the hot Horlicks 1 . The dissolution rate of the gelatine capsule was <5 m in water at 37 C, which was fast enough to allow thorough mixing in the stomach of the 44 Ca-enriched calcium carbonate with the unlabelled calcium carbonate during the second 6 min period.
It has been shown that the efficiency of absorption of calcium supplements is increased when they are taken with meals . Although Horlicks 1 and milk were consumed in the fasting state to eliminate any effects on absorption from other dietary constituents, the portion size of both was probably sufficient to maximise absorptive activity. Absorption of milk calcium is reported to range from 25 -35%, depending on the calcium load (Weaver, 1992) , commonly 200 mg (Heaney & Weaver, 1989) . Since calcium absorption is dose-dependent, direct comparisons should only be made using similar quantities of calcium, in the present study 582 mg from one serving of Horlicks 1 and 568 mg from milk. The higher load of calcium explains the relatively low absorption of calcium from milk, namely 21.2%.
Calcium absorption from Horlicks 1 was 86% higher than milk. Although peptides and sugars (eg lactose) have been shown to enhance calcium absorption, the levels present in a single serving of Horlicks 1 (12 g) were not considered to be high enough to elicit an effect (Francis et al, 1986) . The reason for the high bioavailability of calcium from Horlicks 1 fortified with calcium carbonate remains to be elucidated. However, it is clear from the results of this study that calcium-fortified Horlicks 1 provides a highly bioavailable supply of calcium which may help delay or prevent osteoporosis in susceptible individuals.
